The study presents a comparison of the common Child Restraint Systems (CRS) which reduces the value of dynamic loads affecting the child's body during car accidents. The analyzed systems were: child seats, Combi Booster Seats, and straps adjusting vehicle seat belts to children's sizes. The effectiveness of the analyzed devices was assessed on the basis of experimental tests carried out in the accredited laboratory approving the Child Restraint Systems. The tests were carried out accordingly to the new Regulation No. 129 UN / ECE. Whether the tested devices meet the guidelines of the new Regulations No. 129 despite approval in accordance with Regulation No. 44. Based on the research result, better safety parameters of some new solutions dedicated to children's safety could be observed. The final results show that there is still space for improving the safety of young vehicle passengers.
necessary to detect as many as possible variables to avoid children's bodies injured during a car collision. According to the comparison of the previous and new UN regulation, the Child Restraint Systems should have different parameters to fulfil the main requirements in each regulation. During the analysis of this study, it was taken into account how newly included parameters affect potential body damage during a car crash influence the examination results.
The main purpose of research conducted by the authors of this paper was to analyze the common devices of Child Restraint Systems including child seats, booster seats, and straps adjusting vehicle seat belts to children's sizes. All test results had been compared and shown in specially prepared charts to determine how the common solutions for children's safety meet the new requirements.
Experimental
The frontal collision simulation tests for Child Restraint Systems were carried out in an accredited test unit authorized to carry out tests according to the guidelines of UN/ECE Regulation No. 129. The tests were focused on determining the impact of the dynamic loads acting on the child's body transported in five child restraint systems. It was also determined how measured parameters meet the new guidelines of the No. 129 Regulations.
The tested devices were mounted on the specially prepared test seat for the approval process prepared according to Annex 6 ECE 129. The requirement for a seat cushion and supporting of the test bench from a square foam block was subjected. For frontal impact, the trolley shall be so propelled that, during the test, its total velocity change ΔV is 52 + 0 -2 km/h and its acceleration curve is within the hatched area of the graph in Annex 7, Appendix 1 and stay above the segment defined by the coordinates (5 g, 10 ms) and (9 g, 20 ms). The start of the impact (T0) is defined, according to ISO 17 373 for a level of acceleration of 0,5 g. For the most research credibility, the tests were carried out on the same day under the same temperature conditions. All five devices for tests were delivered 48 hours before the planned tests and were stored at the Institute in a specially prepared airconditioned room. During the tests, the image from the collision was recorded using two high-speed cameras and the acceleration and forces measured on the dummy in selected parts of the its body.
For the tests, the anthropomorphic dummy Q6 series was used (corresponding to children under the age of six).
The sensors were registered by the following parameters:
• the test trolley acceleration,
• dummy's head acceleration, where the maximum value may not exceed 80g for the Q6 head cumulative 3 ms value,
• dummy's chest acceleration, where the maximum value may not exceed 55g for the Q6 chest 
Results
For all tested devices the data was shown in line charts. For additional visualization, all characteristic values had been compared into bar charts. where it is 69,73 % of the limit. where it is 85,3 % of the limit.
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Calculation of the value of Head Performance Criterion (HPC) is made, on the basis of the dummy's head acceleration, using the following equation (1):
Where:
 a -is the resultant acceleration is measured in units of gravity, g (1 g = 9,81 m/s 2 );
 t1 and t2 -are time instants, expressed in seconds, defining the time interval between the beginning and the end of the recording for which the value of HPC is maximum. parameters that are not related to the critical parameters but may have a significant impact on the injuries generation during an accident. According to [11] , the value of the Head Injury Criteria parameter for a ten-year-old child when this child could be injured is 400. This is the main reason that it is necessary to take into account the situation where the injury limit values may occur at much lower HPC parameter values.
Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 January 2020 doi:10.20944/preprints202001.0146.v1 Figure 6 . Head Perfomance Critrion for all tested devices regarding to the maximum limit. Analyzing the test results, it can be stated that the maximum recorded values of pressure in the left abdominal segment are:
 for the Smart Kid Belt: 0,39 bar after 81,7 ms which is 38,99 % of the limit,  for the Britax Römer Kid II: 0,22 bar after 84,3 ms, which is 22,3 % of the limit,  for the Combi Booster Seat: 0,19 bar after 85 ms, which is 18,6 % of the limit,  for the Combi Joy Trip Egg Shock: 0,35 bar after 85,5 ms, which is 34,78 % of the limit,  for the Concord Transformer X: 0,2 bar after 99 ms, which is 20,28 % of the limit.
The recorded values of right abdominal pressure for individual restraint systems are:
 for the Smart Kid Belt: 0,58 bar after 79,7 ms which is 57,69 % of the limit.
 for the Britax Römer Kid II: 0,49 bar after 89,6 ms, which is 49,4 % of the limit,  for the Combi Booster Seat: 0,33 bar after 102,6 ms, which is 33,17 % of the limit,  for the Combi Joy Trip Egg Shock: 1,1 bar after 85,2 ms, which is 109,55 % of the limit,  for the Concord Transformer X: 0,46 bar after 88,1 ms, which is 45,96 % of the limit.
Discussion
The Child Restraint Systems legal regulation currently impose on the devices manufacturers, very high requirements for meeting certain safety criteria. A significant growth of the professional measurement devices has enabled the investigation of a new type of children dummies with an increased number of sensors located in different parts of their body. The numerical model created in this way would significantly facilitate the analysis of many different aspects of the child restraint systems to increase safety criteria values in that kind of device.
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